Background: Elderly patients are considered to be at risk of developing adverse drug events (ADEs) because they tend to receive a greater number of medications. The purpose of our study is to determine the prevalence of ADEs related to polypharmacy and causative admissions of patients in Japanese acute care hospitalization.
INTRODUCTION
Adverse drug events (ADEs) are considered to be an important cause of admission to acute care hospitals. Multiple previous studies conducted in western countries during 1990s to 2000s showed ADEs were contributory factors for hospital admissions. [1] [2] [3] [4] ADEs are related to many factors, including polypharmacy. Although there are various definitions for polypharmacy from five or greater number of medications to seven or greater number of them, polypharmacy was identified as prevalent especially among elderly and as significantly associated factor with ADEs leading to emergency department visits or hospital admissions. 3, [5] [6] [7] [8] [9] In Japan, a study on ADEs in geriatric inpatients showed that the incidence of ADEs was 9.2% and it was significantly related to the number of drugs. 10 However, this study was conducted on admitted patients during their hospitalizations and the definition of ADEs was based on judgment by attending physicians. The prevalence of polypharmacy and its relations to ADEs have not been investigated for elderly patients who were admitted to hospitals in Japan. These data are likely to be important since Japan has the greatest proportion of elderly nationwide. In addition, detailed evaluation of medications responsible for ADEs is also important for educating Japanese physicians who prescribe these medications. Therefore, our goal was to determine the prevalence of ADEs, its relations to polypharmacy and causative effects of medications for patients admitted to acute care hospital in Japan.
METHODS

Data collection
We collected data retrospectively on 700 admitted patients, 65 years or older to the internal medicine service of a teaching hospital (270 beds) affiliated with University of Tsukuba in 2011. This hospital has department of emergency medicine, providing primary to secondary care for about 270,000 population in Mito city, Ibaraki, Japan. We included patients transferred from surgical service to medical service in our hospital. We recorded data of age, gender, number of medi- 
RESULTS
In our study sample (N = 700), the mean age was 79.5 years and 54.0% (n = 378) were men. The mean number of medications was 6.36 (standard deviation, 4.15). The maximum number of medication was 26 (72 year old man). The frequency distribution of the number of medications is shown in Figure 1 . Polypharmacy was identified in 443 patients (63%).
ADEs were identified in 4.9% (95% CI, 3.5-6.7%; n = 34) of this sample. The mean numbers of medications among patients with ADEs and that among patients On logistic regression analysis, polypharmacy was significantly associated with ADEs (Odds ratio 5.89, 95% CI 1.74-19.9). Age, gender, and serum creatinine
were not significantly associated with ADEs ( Table 2) . Table 3 shows the list of patients with ADEs, including suspected medications, class of medications and specific events of ADEs. The highest number of ADEs were identified among patients on antiplatelets or anticoagulants (n = 8). The most common suspected medication was warfarin (n = 4). The second highest number of ADEs were seen among those on benzodiazepines (n = 4) and NSAIDs (n = 3). The most common ADEs were GI bleeding (n = 3), nausea (n = 3) and congestive heart failure (n = 3). Two patients among those with ADEs died during hospitalizations. One patient admitted for renal dysfunction from aspirin had died from aspiration pneumonia. The other patient admitted for gastrointestinal bleeding from NSAIDs had died from acute exacerbation of chronic obstructive lung disease. No one had died directly from ADEs.
DISCUSSION
The results of this study revealed that a greater number of medications was significantly associated with ADEs in elderly patients. Furthermore, our results showed that medications frequently involved in ADEs included antiplatelets, anticoagulants, benzodiazepines and
NSAIDs. The most frequent ADEs were GI bleeding, nausea and congestive heart failure. This may be the first study which revealed the frequency of ADEs of hospitalized patients in the department of internal medicine, of a teaching hospital in Japan.
ADEs contributed to about 5% of elderly hospitalizations in the department of internal medicine of our hospital. This result confirmed our hypothesis that However, the criteria for ADEs and observed populations used by previous studies might be different from that of ours. There was a report indicating a lower proportion of ADEs as a cause of admission. For criteria were more frequently prescribed, but this was not associated with the total number of medications. 4 An Italian study on elderly nursing home residents demonstrated a higher number of PIMs was a risk factor for hospitalization and was positively associated with the total number of drugs prescribed. 13 The study that was cited above also showed that the main determinants of preventable medication-related hospital admissions included impaired cognition, comorbidities, dependent living situation, impaired renal function and nonadherence to medication regimen and polypharmacy. 3 On the other hand, a study showed that polypharmacy was not associated with hospitalization, but that ADEs were associated with longer hospital stays, resulting in a higher mortality risk.
14 Regarding the prevalence of polypharmacy in another Asian nation, a recent Chinese study in outpatient clinics showed that the average drug number per prescription was about 2.4, and the percentage of polypharmacy (five or more medications) was about 6%. 15 However, this study was conducted on patients with all ages between 1 month and 98 years (mean, 34 years). The prevalence in this study was low because this study included children and young adults, who might receive lower number of medications.
An inpatient study showed that the mean number of prescription drugs was 7.5 +/¹ 3.8. 9 Our data (with a mean number of medications, 6.4 +/¹ 4.2) indicated a similar number of medications among inpatients of internal medicine. This suggests that polypharmacy is likely to be prevalent among admitted patients to departments of internal medicine across international settings.
The medications frequently involved with ADEs included antiplatelets, anticoagulants, benzodiazepines and NSAIDs in our study. In a US study, in an elderly nursing facility in 1999, there were about 16% of residents that were hospitalized during 4-year study.
The most common events were for nonsteroidal antiinflammatory drugs (NSAIDs) (n = 30), psychotropicrelated falls with a fracture (n = 14), digoxin toxicity (n = 5) and insulin hypoglycemia (n = 4). 17 These results suggest that NSAIDs could be a high risk factor for the elderly.
The most frequent ADEs were GI bleeding, nausea and congestive heart failure. With respect to GI bleeding, they were for antiplatelets, anticoagulants and NSAIDs. Many physicians prescribe these medications to prevent serious illness such as ischemic heart disease and stroke, knowing enough about the risk of GI bleeding. Physicians prescribe medications at the risk of ADEs and it is possible to investigate each prescription is appropriate or not by STOPP criteria 4 which evaluate qualities of prescriptions. However, the criteria does not cover all aspects of prescriptions.
We evaluated the relation between the number of medications itself and ADEs in this study.
None of the patients died directly from ADEs in our study, although two patients who had died from aspiration pneumonia and chronic obstructive lung disease acute exacerbation, might have been affected by ADEs. ADEs may have led to admission with increased risk of mortality from complications along with poor functional status. However, our study sample was relatively small, including only 34 patients with ADEs. A study on patient fatalities during hospitalizations showed that about 18% of the deaths were classified as being directly or indirectly associated with one or more drugs. 7 Additional investigations of patient fatalities during hospitalizations, might identify more etiological factors associated with ADEs. Our study has some limitations. Firstly, our study was conducted in single hospital. We have investigated consecutive sample of patients to minimize the possible sampling bias, however, there could be some confounders such as fragility of patients, underlying
General Medicine 2014, vol. 15, no. 2 conditions, recent admissions, and so on. We did not analyze them in this study. Therefore, these findings may not be generalizable to other hospitals in Japan. A multicenter study is needed for clarification on this point. Secondly, our study design was based on a retrospective analysis on medical charts. Thus, some patients with ADEs might not have been included into our study. A prospective study is required for more accurate description of ADEs in Japanese hospitals.
In conclusion, we examined the epidemiology of ADEs that contribute to hospitalization among elderly patients in the department of internal medicine of a teaching hospital in Japan. ADEs were associated with a greater number of medications which included GI bleeding, nausea and congestive heart failure. Our data highlight that, in order to prevent ADEs, physicians should exercise particular caution in prescribing antiplatelets, anticoagulants, benzodiazepines and NSAIDs.
